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0 Oatedkm, Imagino and therapy of renal cell 



0 Three monoclonal antibocfies which are highly 
reactive with human renal ceil carcinoma (RCC) were 
generated k)y hybridoma techniques and character^ 
ized a cell-binding EUSA and immunohistological 
SKamination of tumor, nonral and fatal tissue sec- 
Cations. The radiolabeied antitxxlles selectively locaK 
^izad to RCC xenografts and provided high resolution 
Qivnages erf tiie xenographs without the need for back- 
INground sut>traction. The kxxllzed. iabeiled ant^ 
^^txxiea alao produced a regression In the size of the 
Otumora. 
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DETECTION, IMAQINQ, AND THERAPY OF RENAL CEU CARCINOMA WITH MONOCLONAL ANTIBODIES 



Background of the Invention 

Renal cell carcinoma (ROC) is a common ma- 
lignancy, with approximately 20.000 new cases re- s 
ported annually. In its early stages. RCC is often 
insidious and asymptomatic with the result that 
approximately 60% of RCC patients have tmown or 
occult metastasis on initial diagnosis. For these 
patients there is no effective treatment In those 
patients where excision of the malignancy is war- 
ranted, patiiological grading remains dlfflcutt and 
subjective. In fact although electron microscopic 
studies suggest the convoluted proximal tubule ceil 
may be the site of origin, confirmatory evidence is 
lacidng and the issue remains controversial. Also, 
sometimes RCC has an unusual natural history: 
i.e.. RCC has tiie highest rate of spontaneous re- 
gression of any human tumor and some patients 
live in apparent symbiosis wttii 4heir metastatic 
tumor(s) for many years. Tlius, the study of RCC 
can yield important infonmation relating to tiie host- 
tumor relationship. Also, in contrast to many of ttie 
solid human tunoors (e.g., those of the germ cells, 
prostate, colon, and lung), titere are prasentiy no 
immunodiagnostic assays for RCC, which is an 
epithelial tissue tumor. Furttienmore. RCC has no 
putative markers to monttCM' for recurrence or aid in 
the diagnosis of primary disease. 

The application of hybridoma techniques to the 
study of human solid tumors has resulted in tiie 
generation of monockmal antibodies (Mabs) that 
recognize tumor-assodated antigens. Mabs reac- 
tive wHh solid tumors have^ demonstrated wide de- 
grees of restriction, including some which dem- 
onstrate high levels of tumor specificity, although it 
has been hypothesized that complete tumor speci- 
ficity may not be found. Nevertiieless. some of 
these Mabs have clinical potential; they often rec- 
ognize tumor-assodated antigens which distinguish 
a given tumor type from its counterpart normal 
tissue, other normal tissues, fetal tissues, and otiier 
tumor types either due to a quantitative or qualita- 
tive difference in antigen expression and/or secre- 
tion. 

Monoclonal antibodies which exhibit sonte de- 
gree of binding specificity to one or more classes 
of RCC have been Investigated. In Proc. Nati. 
Acad. Sd. USA, 2S. 5122 (1981). R. Ueda et al. 
describe several Mabs which recognized antigenic 
determinants common to tiie RCC cell membrane 
witii various degrees of restriction to normal ceils 
or other tumors. Ali of tiiese Mat)s recognized one 
or more organelle(s) of the normal kidney and their 
use in immunopatiiotoglcai studies have contribut- 



ed to the understanding of renal differentiation and 
RCC cellular origin. Scharfe et al. recentiy reported 
tiie generation RCC-reactive Mabs tt^ were pref- 
erential for low-grade tumors and did not react wttii 
normal renal stmctures. [AUA Annual Meeting, 
1984, Abstract 104] However, all of tiie Mabs rec- 
ognized antigenic determinants co-expressed by 
normal colon, thus limiting their diagnostic and 
tiierapeutic utility. 

Potential applications of RCC-reactive Mabs 
are in tiie detection. e.g., by photographic visu- 
alization, of occult metastatic disease or identifica- 
tion of questionable renal masses through radloim- 
munosdntigraphy (RIS). Predse visualization of tu- 
mor cells can improve the predsion with which 
treatment such as radiation can be delivered to ttie 
tumor site, while the correct identification of tiie 
tumor variety is necessary to insure tiie choice of 
the most effective treatment 

The detection of tumors by scintillation scan- 
ning has been attempted for many years with only 
limited success. Early efforts Involved nonspecific 
tumor-seeking radiopharmaceuticals such as gal- 
lium and bleomycin-cobalt but lack of spedfidty 
limited their usefulness. Other investigators ex- 
pkMred radkiimmunosdntigraphy (RIS). tiie combi- 
nation of nudear medidne techniques witti tumor 
"spedfic" xenogenlc antibodies. Results M im- 
prove modestiy, in part because of advances in 
radlopharmacology and computer sdence. but still 
success was insuffident for widespread clinical im- 
plementation. The polyclonal antibodies directed to 
membrane-assodated antigens continued to lack 
high spedfidty and those which were specific for 
soluble tumor markers yielded images which lac- 
ked sensitivity due to high levels of background 
ndse. 

The production of monoclonal antibodies in- 
creased the expectation tiiat RIS wouM become a 
valuable dinial tool, although to date the results 
have been mixed. RIS studies witii radk)labeled 
Mabs which recognized soluble tumor maricers pro- 
vided modest increases, in sensitivity. Mabs have 
been generated to tumor memfcNrane antigens but 
they often reacted with antigenic determinants 
shared by otiier tissues and RIS of tumors using 
these Mabs Improved tiie images but significant 
problems remain. For example, visualization of tu- 
mor xenografts weighing less tiian 100 mg has 
been infrequent Moreover, in many previous stud- 
ies, tiie amount of radiolabel within ttie xenograft - 
(on a per. weight basis) was only marginally above 
tiie levels in tiie blood or normal tissue. Recent 
efforts to improve the quality of the tumor scan 
with available Mabs have involved a variety of 



15 



20 



26 



30 



3S 



40 



46 



r 



3 



0 210 870 



4 



manipulaticxis including sophisticated computer-as- 
sisted subtraction techniques, such as those dis- 
doaad by M.D. Goldenberg In U.S. Pat. 4,460.561. 
The use of antibody fragments, or radioisotopes 
other than iodine have also been attempted, but 
have been only partially successful. 

Thus, a substantial need exists fbr methods to 
produce monoclonal antibodies (Mabs) that can 
react wHh RCC while not exhibitino substantial re- 
acthrfty wHh normal cells or with other types of 
maiignanctes. A need also exists for effective metth 
ods to employ such antibodies for the diapiosis, 
viiialTrton and treatment of RCC. 



BrM Description of the Invention 

The present invention Is directed to monodonai 
antlbodtoa (Mabs) whk:h are highly specHte or pref- 
erential to renai cell carcinoma (RCC). The mon- 
oclonal antibodies were produced by p ro paga tlno 
hybridomas formed by fusing a myeloma caff with 
a oea capable of producing antibodies agiinst an- 
tigenic RCC matenal, including (1) homogenates of 
aurgical specimens (RCC or fetal kidney). (2) RCC 
ceff tines and (3) cell membranes of RCC cell Hnes. 
The antibodies produced by the hybridomas were 
ttian Isolated and characterized. For the selection 
of RCC preferential Mabs, two comolementary 
•creening systems were used -a cell-binding EU8A 
Inc o rporad ng multiple tissue culture cell llnea and 
an afvahialion of the immunohlstochemlcal staining 
pMams of frozen surgical specimens (normal, ma- 
Ignant and fetal tissues). 

One Mab (D50) was found to react only wHh 
IICC oeH Hnes and can recognize an epitope ra- 
•trictad to pooriy-moderately differentiated, but not 
wefl dmerentiated RCC or any other tissues. An- 
Qttier Mab (ASH) appears to have a higher prodv- 
ity for granular-, rather than dear-, cell histology in 
RCC surgical spedmens and reacts strongly at 
(ikitions of Sing/ml to many of the RCC ceil lines. 
It also reacts with the proximal tubules of normal 
Wdney and marginally wittx two non-RCC cefl Hnes. 
A third Mab (C5H) recognizes an epitope shared 
by many tumors, Induding RCC. and the nomtal 
Wdney giomenilus. All other normal tissues are 
nonreactive to the present Mabs. 

The three Mabs were labeled with 1-125 and h 
131 and used for detecting and imaging RCC tih 
mor xe nogr af ts in nude mice. Another radiolabeled 
Mab. raacth^ to alpha feto protein (AFP), was used 
as a control. A majority of the mice bore one or two 
ottier xenografts (non-RCC) that served aa bitamal 
controls. Oear images (pinhole cdllmator. 2(M0 
uO i-131 Mab) were obtained of the RCC xeno- 
grafts (^ 10 mg) at 5. 24. and 48 hours without the 
need for baci<ground sutytraction. After Imaging, the 



mice were sacriftced and the radioectivity of var- 
ious tissues and organs measured. A useful indica- 
tor of spedfidty and imaf^'ng potantial is the ratio 
between accumulation of labeled Mab in the target 

s tiaaue compared to the accumulation in the blood 
pod. The RCC xenograft cpnt/g to blood cpm/g 
nstlos were within ttie range of about from 4 to 60:1 
while the ratios for normal tissues and contrd tu- 
nnors to blood was usually S1:1. The RCC xeno- 

10 graft to blood ratio was S1:1 when radiolabeled 
AFP Mab was used. TTie Immunostaining of tissues 
by the Mabs in vrtro can predict the degree of 
localzMlan of the radiolabeled Mabe bi vh«. There- 
fore, spedfidty of imm u nosta ini ng of tissues pro- 

75 vides a method for preselecting Mabs for redfo- 
localization from a library of potantially uaefol «iti- 

■ w 

Dooies. 

To d e nwnstr a te the effectiveness of r&Mm-^ 
munotherapy using the present radiolabeled Mabs. 

20 mice bearing RCC xenografts received (1) no treat- 
ment (2) nonnrvfiolabeled A6H, (3) i-l3Vlitoeled 
contrd IgQ. MAB (l-131-AFP) (100 uO). and (4) I- 
ISI-WMed ASH (100 uQ). Mice recehnng no treat- 
ment non-labeled A6H or labeled contrd MAB 

as BMbtM rapid progres sto ii of dsaase. while mice 
treated with l-l3l-«abeled A6H exhibited substantfai 
reduction in tumor size. Thenifore, the prese l ec t e d 
Mabe of the present invention localized in target 
RCC tumor tissue in amounts sufficient for imaging 

30 withou badqround suUractlon or extensive oom- 
putar p r o ceaal n g. In addWon. the present Maba can 
, afford a means for the effoctWe rvfidm- 
mundherapy of RCC jcanografta with subatantW 
anreal of growth and reductton In tumor size. 



Detailed Deacri p tlon of the Invention 
A. Monoctonal AnHbodlee 

40 

The general techniques for producing mon- 
odonai antibodies ars based on the fusion of 
apleen lymphocytes with malignant Qslla 
(myelomas) of bone marrow pdmary tumors [C. 

46 Mlistein. Sd. Am.. 2fi . 66 (1880)]. The methods 
yield a hybrid ceil line, arising from a single fused 
cell hybrid, or done, which possesses characteri^' 
Hca of both the lymphocytes and myeloma cell 
Inea. Like the lymphocytss (taken from animals 

80 primed wKh sheep red bfood ceils as antigens), the 
ftjeed hybrida or hybridomas secrete a single type 
of antibody (immunogtobulln) spedffo to the anti- 
gen. Moreover. Ike the myeloma cell 8nes. the 
hybrid ceR fines are immortal. Whereas antiaera 

as derived from vacdnatad animals are variable mix- 
tures of antibodies whteh cannot be identfoally re- 
produced, the single type of immunogtobufin se- 
creted by a hybridoma la specific to one and only 
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one antigenic determinant on the antigen, a com- 
plex molecule having a muitiplicity of antigenic 
molecular substructures, or determinants. For in- 
stance, rf the antigen is a protein, an antigenic 
detemiinant may be one of the many peptide se- 
quences within the entire protein molecule. Hence, 
monoclonal antibodies raised against a single anti- 
gen may be distinct from each other depending on 
the detennlnant that Induced their fomriation. How* 
ever, all of the antibodies produced by a given 
clone are identical. Furthermora. prefenred 
hybridoma cell lines can be reproduced indefi- 
nitely, are easily propagated In vftro or in vivo, and 
yield monoclonal antibodies in extremely high con- 
centration. 



1. Antigens 

Methods for tiie production of mcmcional anti- 
bodies are generally appllcabie and have been 
used to produce antibodies to a wide variety of 
antigens. 

Antigenic preparations useful to induce the pro- 
duction of anti-renal tumor cell antibodies in primed 
animals include RCC ceil Hnes, fetal kidney homog- 
enates and RCC tumor homogenates. The txnding 
specificity of a given monoclonal antibody to a 
target detenminant can be enhanced in some cases 
by tandem immunization protocols, wherein the 
animal to be primed is injected sequentially witti 
phenotyplcally similar but genotyplcaily dissimilar 
tumors, tissues or cell cultures. This strategy can 
promote a hyperimmune response to antigens 
shared among tiie cells, but witii nrtlnimal retnfbni^e- 
ment of the allogeneic antigens. This approach can 
increase the chances of developing specific tumor- 
reactive or 'restricted" monoclonal antibodies. See 
R.L Vessena et al.. Fed. Proa, ^ 401 (1983). 



2. Somatic Cells 

Somatic ceils with tiie potential for producing 
antibody, and in particular B cells, are suitable for 
fusion witii a B-cell myeloma line. Those antibody- 
produdng ceils undergoing mitosis fuse preferen- 
tially. Lymph nodes and spieens of tine primed 
animals are convenient lymphatic organs for use in 
the present fusion system. Once-primed or hyper- 
immunized. animals can be used as a source of 
antibody-producing lymphocytes. Mouse and rat 
lymphocytes give a higher percentage of stable 
fusions with tiie mouse myeloma lines descn'bed 
below. However, the use of rabbit human primate 



and frog cells is also possible. In the preferred 
embodiments, hyperimmunized mouse spleen cells 
are used to make tiie fused cell hybrids. 

5 

3. Myek)ma Cells 

Specialized myeloma cell lines have been de- 
veloped from lymphocyte tumors for use in 

TO hybridoma-producing fusion procedures (Q. Kohler 
and C. Milstein. Eur. J. Immunol., g. 511 (1978); M. 
Shulman et al.. Nature. gZS* ^ (1978)]. The cell 
lines have been devetoped to facilitate tiie selec- 
tion of fused hybridomas among unfused and simi- 

75 lariy indefinitely self-propagating myekDma cells by 
using myelomas with enzyme deficiencies that ren- 
der tiiem incapable of growing in certain selective 
media tiiat support the growtii of hybridomas. Fur- 
tiiermore. myetoma cell lines incapable of produc- 

20 ing light or heavy immunogkDbulln chains or those 
deficient in antibody secretion mechanisms are 
used. A tiiird reason for selection of cell lines is for 
their suitability and efficiency for fusion. 

Several myeloma ceil lines may be used for 

26 the production of fused cell hybrids, including 
P30(83-Ag 8.653. P3/NS1AI-AQ 4-1. Sp2A)-Ag14 and 
S194/5JO(O.BU.1. The P3/X63-A0 8 and P3/NSIAI. 
Ag 4-1 cell lines have been described by Kohler 
and Milstein [Eur. J. ImmunoU 511 (1978)] and 

30 by J. Keamey et al., J. Immunol., 123* 1548 (1979). 
Shulman et al. [Nature, 2ZSi 269 (1978) developed 
tiie Sp2/0-Ag14 myekxna line. The 
S194/5J0(0.BU.1 myetoma line was reported in an 
article by Trowbridge [J. Exp. Med.. 14fi, 313 - 

35 (1979)]. In the examples of tiie present invention, 
P3/NSU1-Ag 4-1 and P3/X63-Ag 8.653 (derived 
from BALB/c mice) are the prefenred ceil lines. 



40 4. Fusion 

Mettiods for generating hybrids of antibody- 
producing spleen or lymph node cells and 
myeloma cells usually comprise mixing somatic 

45 c^lls with myeloma cells in a 10:1 proportion - 
.(though the proportion may vary from 20:1 to 1:1). 
respectively, in ttie presence of an agent or agents 
that promote ttie fusion of cell membranes. It is 
preferred that ttie same spedes of animal serve as 

50 ttte source of ttie somatic and myek^ma ceils used 
in ttie fusion procedure. Fusion mettiods have been 
described by Kohler and Milstein in Nature, 2Sa. 
485 (1975) and Eur. J. Immunol., fi, 511 (1978). 
and by Gefter et al. in Somatic Cell Genet, g. 231 - 

55 (1977). The fusion-promoting agents used by ttiose 
investigators were Sendai virus and polyetttylene 
glycol (PEG), respectively. The fusion procedure of 
ttie exampfe of ttie present invention is ttiat of V. 01 
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et al.. as set forth in Selected Methods in Cellular 
immunology. W.H. Freeman and Co., San Fran- 
dsco (1960) at pages 351-372. the disclosure of 
wtiich is Incorporated by reference herein. This 
method employed PEG as the fusion agent 



5. dotation of Clones and Antltx>dy Oetection and 
Production 

QeneraJly the selection of fused cell hybrids is 
•ccompKshed by cuttunng the cells In media that 
suppoft the growth of hybridomaa but prevent the 
grovirth of the unfused myeloma cells which nor- 
maOy would go on dividing indefinitely. In the ex- 
ample of the present invention, myeloma cells lac- 
Idng hypoxanthine phosphorlbosyl transferase - 
(HPRT~) were used. These cells are selected 
against in hypoxanthlne/aminopterin/thymtdlne 
(HAT) medium, a medium in which the fused ceil 
hybrids survive due to the HPRT-positive ge no type 
of the s plee n cells. The use of myeloma celis wHh 
dHVerent genetic deficiencies (e.g., otfier enzyme 
deficienci e s, drug sensitivfties, and the Hke) that 
can be selected against in media supporting the 
growth of genotypicaily competent hybrids is also 
poaaHiiea 

Several weeks can be required to selectively 
culture the fused cell hybrids. Early In this time 
period, it is necessary to identify those hybrids 
which produce tho desired antfijody so tfiat they 
may be subsequently cloned and propagated. Tlie 
detection of antlbody^producing hytvlds can t)e 
achieved by any one of several standard assay 
methods, including enzyme-finlced immunoaaaay 
and radioimmunoassay techniques which have 
been described in the literature [R. Kennel T. 
McKeam and K. Bechtol (editors). Monoclonal Antl- 
bodtoa, Hybridomas: A New Dimension in Biotogl- 
cal Analyses. Plenum Press. New Yoric (1980) at 
pages 37&^]. 

The detection method used In the example of 
the present invention was a cell-bindng enzyme- 
Meed Immunoassay (EUSA) employing an avkfirh 
blotin irnmunoperoxidase system. This method 
could be used to detect monoclonal antibodies In 
hybridoma supernatant media fluids, ascites fluid or 
in preparations comprising the purified antibodies. 

Once the desired fused cell hybrids have been 
t oi e ct e d and cloned into individual antibody-pro- 
duct cell Hnes. each cell Hne may be propigaled 
In either of two standard ways. A sample of the 
hybridoma can be injected into a histocompaiibie 
animal of the type that was used to provide the 
somatic and myeloma ceils for the original fusion. 
The Injected animal develops tumors secreting the 
specific monoclonal antibody produced by the 
fused cell hybrid. The body fluids of tiie animal. 



such as serum or ascites fluid, can be tapped to 
provkje monoctonaH antibodies in high concerrtra- 
tion. Alternatively, the individual cell lines may be 
propagated in vitro in iat)oratory culture vessels, 
s The culture medium, also containing high concen- 
tntiorts of a single specific monoclonai antibody, 
can be harvested by decantation, filtration or cen- 
trffugation, and the antibody isolated therefrom. 

10 

6. Isotyping of Monoclonal Antibodies 

ImmunogiobuMn isolype and subclass can be 
determined by ttie Ouctrtariony immunopredpita- 
iB Hon technique using rabbit anti-mouse im- 
munoglobufin subclasa antibodies (Litton Bonetics, 
Kensington, MA). 



20 7. (Characterization of the Monoclonal Antibodies 

(a) Specificity Testing 

The specific binding reactivity of the moo- 
29 odonal antibocSes of the present invention can be 
measured by comparing ttie reactivity of ttie mon- 
oclonal antibodies with established renal cell car- 
cinoma Bnes and wHh otiier established humw 
cancer ceR Snes by EUSA procecbares such as 
so those employed to isolate the antibody-producing 
celi Inea. 



(b) bnmunopalhology 

To detarmine wliether tlie reactivity patterns of . 
tissue cultured ceHs ware an accurate reOection of 
Jq yixg antigen SMpresalon, the immunohlatochern- 
Ical reactivity of Mabe were analyzed against a 

40 tiasue panel co nsistin g of surglcid s pec i men s of 
human tumors, normal, and fetal tissues. Tissue 
specimens were dteed following excision, frozen 
and sectioned wtth a cryoelat or micrdome. The 
sections were fixed and IncubaM wtttt the purified 

46 monoclonal antibodies or with fresh hybridoma cul- 
ture supematants. The tissue sections were then 
washed, overiaid with an antibody labeled with a 
fluorescent label, washed and contacted witii a 
fluore8oent4abeied antibody to ttie overiaid anti- 

00 body. The asctions were evaluated by means of an 
epMluoreecenco and phase microscope. 

Enz yme linke d immunoassays were p erformed 
employing* enzyme-labeled antibodies by standard 
techniques, such as ttK)se set forth in U.S. Pat 

65 4,228,237. tiie disclosure of which Is Incorporated 
herein by reference. 
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8. Labeling 

The monoclonal antibodies may be labeled by 
any of several techniques known to the art. A wide 
range of labeling techniques are disclosed in 
Feteanu et al,. "Labeled Antibodies in Biology and 
Medicine", pages 214-309 (McGraw-Hill Int Book 
Co.. New Yoric (1978)). The introduction of various 
metal radioisotopes may be accomplished accord- 
ing to the procedures of D. J. Hnatowich et al.. 
Science. 221 613 (1983); Wagner et al.. J. Nucl. 
Med.. ^ (Id79); Sundberg et al.. J. Med. 
Chem.. 17, 1304 (1974); and Saha et al.. J. Nud. 
Med.. §, 542 (1978). 

Among the radioisotopes used, x-ray-emitters, 
gamma-emittars, posttron-emltlers. and 
fluorescence-emitters are suitable for k)caiization 
and/or therapy, while beta-emitters and alpha-emit- 
ters can also be used for therapy. Suitable 
radioisotopes for labeling antibodies include Iodine- 
131, k)dine-123. lodlne-125. lodlne*126. lodine-133, 
Bromine-77, lndlum-111. Indium-113m. Galiium-e7, 
Gallium-eS, Ruthenium-95. Ruthenlum-97. 
Ruthenium-103. Ruthenlum-105, Mercury-107, 
Mercury-203, Rhenium-gOm. Rhenium-105. 
Rhenium-101, ScandIum-47. Tellurium-I21m, 
Tellurium-122m, Tellurium-125m, Thulium-ies. 
Thulium-187, Thulium-188, Technetium-99m. Cop- 
per 67. FIuorine-ia Yttrium 90, Qokj 199. Pal- 
ladium 100. Bismuth 217 and Antimony 211. Pre- 
tended radiois^otopes for labeling antibodies em- 
pbyed for tumor imaging include kxiine 125, 131 
or 123, Indium 111, Ruthenium 97, Copper 87 and 
Technidum 99. Preferred raddsotopes for labeling 
antibodies to form therapeutic agents inchide Io- 
dine 131. Yttrium 90, Gold 199. Palladium 100. 
Copper 67, Bismuth 217 and Antimony 211. The 
halogens can be used more or less interchange- 
ably 88 labels since halogen-labeled antibodies 
and/or normal immunogtobulins woukj have sub- 
stantiaiiy the same kine tics and distribution and 
similar metabolism. Preferably the radidsotope will 
emit in the 10-5,000 kev range, more preferably 
100-500 kev. 

One useful iat)ei]ng technique involves lat>eting 
with either k)dine-131 (M31) or k)dine-125 (1-125) 
using an oxidative procedure wherein a mixture of 
radloacth^e potassium or sodium iodide and the 
antibody is treated with chloramlne-T (N-chtoro-p- 
toluene sulfonamkle sodium salt) e.g.. as reported 
by Greenwood et al., in Btochem. J.. £ . 114 - 
(1963) and modified by McConahey et al., in int 
Arch. Allergy Appln. Immunol., 23, 185 (1969). 

in general, it Is desirable to introduce as high a 
proportion of radiolabel as possible into the anti- 
body molecule without destroying its im- 
munospecificity. For each labeled antibody, the ex- 
tent of tiie reduction in labeled antibody-antigen 



binding was established by standard competitive 
cell binding assays. Preferably, at least about 30% 
of the initial binding activity of the antibody was 
preserved when 125-1 or 131-1 were used as-ttie 
s labels. 

Chemotherapeutic agents or cytotoxins can 
also be bound to tiie antibodies, as required, by 
techniques known to ttie art 



B. Radioimmunoscintigraphy d Tumor Xenografts 

Human RCC and control tumor xenographs 
were established in test animals by subcutaneous 

75 inoculation of the test animals (e.g.. mk:e) with 
fresh tumor specimens or with ceils from human 
tumor cell lines established by known procedures, 
such as ttiose disclosed by N.J. Vogelzang et al.. 
in Cold Spring Harbor Conferences on Cell Prdlf- 

20 oration, Ifl, Teratocarcinoma Stem CJells, pp. 607- 
614 (1983), the disch>sure of which Is incorporated 
by reference herein. Preferably, the majority of tiie 
mice studied bore at least two xenografts: (a) an 
RCC and one or two non-RCC xenografts or (b) two 

2S RCC xenografts. The non-RCC xenografts served 
' as internal controls. 

Biodistribution studies were performed on all of 
the mice bearing xenografts or skin abscesses and 
were designed to evaluate (1) tiie spedfk:ity of 

30 Mab tissue distribution using botti RCC and non- 
RCC xenograft combinations, (2) the changes In 
tissue±lood distribution (T:B) ratios with time after 
injection, (3) the influence of xenograft size on tiie 
t:B ratios, and (4) whetiier areas of acute tissue 

38 infiamrnation non-spedfically accumulated 
radiolabeled Mabs. 

For studies of radiolabel bkxjistribution which 
^^^^^not'ln^iKie scintigraphy, mice were injected 
<^i]^avenoushr^^ about 1-2 uQ of the labeled 

40 i^body:::^MiGi^which were to be imaged by RIS 
received about 20-40 uCi of tiie labeled antibody, 
but always received equivalent doses of ti>e imag- 
ing Mab and tiie control Mab per study, imme- 
diately folkswing scintigraphy, tiie mice were sacri- 

45 flced and samples of the xenogrBft(s). tiie other 
tissue types, blood, and urine were collected. The 
samples were weighed, the amount of radiolat)el in 
each determined, and from ttiese data (cpm/mg) 
the T:B or T:T (tumorbkxxJ or tissue) ratios were 

50 calculated. These ratios are refenred to as tiie 
biodistribution index. Mice witti skin abscesses 
were included in one series to determine the af- 
fects of acute inflammation on RIS. Initial RIS stud- 
ies were perfomied at 5 hours. 1 and 2 days after 

55 injection of tiie radiolabeled Mab. Thereafter, im- 
ages were obtained 2 days after injection of 
radiolabel. 
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Scintigraphy can be performed using 
commercially-available photoscanning equipment, 
such as a Siemens Pho Gamma V camera 
equipped with a pinhole coillmator. imaging and 
sampling was done in a blinded manner investiga- s 
tora performing the imaging were not aware of the 
j aeno g i Bft types (RCC or a control tumor) or of 
which radiolabeled Mab was injected. Ten-ttiou- 
sand count Images were normally acquired over a 
i4o S-minute period and data were stored in a io 
computer for further analysts and production of 
cotor imagings. Background subtraction techniques 
were not utfized. 



C* Immunotherapy 

The radioiabeied tumor-specific Mabs of the 
present invention can be employed to halt RCC 
growth and to induce regression and/or elimination so 
of the tumor mass. For example, the biodistribution 
Max of a given labeled Mab can be used to 
esUmata the amount of radioactivity which can be 
delvered to the tumor site per dose of Mab. Prefer- 
ably, the appropriate' Mab can Jte Jntrp(^jce(l into 28 
the subject and delivered to tti^^'uirior site^^y 
h i Ua veii u is injection or Infusion^.' In -'^a 
phmnioeijti^ canler such as 

a phyiMo^cd sa^ a solu- 

Hon or nopension of the labeled Mab can be so 
perfbeed directly into malignant epitheftal tissue, a 
method wtdch may be preferred in cases in which 
the RCC has not metathesiied. ThuSi the labeled 
Mab of the present Invention can permit 
rnullanMija^^ as 
and progression. Fdr a general disctmton of the 
treatment of tumors with rKjiolabeled monoclonal 
an ti b o di e s , see U.S. Pat 4.348,378, the disclosure 
of which is incorporated t)y ralaranoe herein. 

The invention will be further described by raf- 40 
ersnoe to the following detailed examplee. 

Example 1 

45 

A. Hybridoma Techniques 

Barrier-reared BALB/c mice were immunized 
with a variety of antigenic preparations [RCC cell 
Ines (IO' cells I^d. in saline x 6), fetal kidney so 
homoge na tee (10% w^ l.p. in saKne x 4) and/br 
RCC tumor homogenates (10% w/v l.p. In saiine x 
5) using an immunization schedule consisting of 
five (5) intraperitoneal Injections over a period of 2- 
3 months, witti a final injection three (3) days ss 
\ befbre siacrifice. The mouse spleen cells were 
fused Witt) erttier P3-NSl-Ag4-1 or P3X83-Agd.653 
(a gift of Or. Keamey, University of Alat)ama) 



mouse myeloma cells, by the method of Oi et ai.. 
Syfia. After s pecificity testing, as described herein 
below, cultures were cloned ttiree times by tiie 
Dmiting dilution technique (20% spent media from 
myeloma cultures as growth supplements akx)g 
wHh neonatal thymus ceils as a feeder layer) and 
the Mabimducing hybrldomas were subsequentiy 
grown as ascites tumors In pristane primed BALB/c 
mice. 

In some studies ttie immunization protocol was 
modified to promote Mabs which recognize 
phenotypi c antigens common among genetically 
dtesknHar tissues. This protocol, which we referred 
to as tandem Immunization comprises the sequen- 
tial irqectton of a plurality of phenotypically similar, 
genotypically dissimilar, antigen preparations, tis- 
sue homogmatBs or cell lines as disclosed by R.L 
VesseHa et ai.. in Fed. Proa. 42, 401 (1983). 



B* Specificity Testing of Hytindomas 
(I) Can BMbig EU8A 

Antibodies were tested for reactivity against 
established human cancer cell lines in a solid 
phase enzyme-ilnked immunosort)ent assay - 
(EU8^. Tumor cells were removed from flasks 
with 0.25% trypsin, plated in mlcroUter plates 
(Costar, Cambridge. MA) at 90.000 ceils per weH. 
and incubalsd overnight at 37«C (5% CO,). The 
cela were fixed wHh 0.15% glutaraldehyde fbr 15 
minuteat washed with O.IM txxale^sallne txiffsr. pH 
8^. cont a i ni ng 0.1% bov^ serum albumin, and 
stored at 4*C until used. The EUSA was performed 
using the avkHn^blolin lmmurx)peroxidase system 
as deecribed in ttte manufacturer's protocol (Vector^ 
Labs. Buringame. CA) Incorporating eittier 
hybridoma supernatant fli^ds. ascites, or purified 
Mabs. 0-phenylenedamlne-hydrogen peroxide - 
(Abbott Laboratories, Chicago. IL) was used as ttie 
color indicator. Color development was quantitated 
by a Multislcan MC (Flow Laboratories. McLean. 
VA) and reactivity was defined as three standard 
deviations above the values otnained from a control 
Mab. specific fbr human alpha-fetoprotein (UMVA- 
Af=P-02: E. Arfman et al., f=ed. Proc.. i2i 078 - 
(1983)). he re a fter referred to as AFP-02. 

The cell-binding EUSA was also adapted to 
screen fbr Mab reactivity against suspension oeHs 
and lymphocytes. Brfelly, 200.000 celts were ad- 
ded to each well of ttie screening plate and at- 
tached to the well bottom using poly*1-iysine by 
the method of £ Kedar et al.. J. tmmtmol.. 11Z 
2068(1977). 
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C. Purification of Monoclonal Antibodies 

Ascitic fluid samples from the BALB/c mice 
were centrifuged at 100.000 x g for 25 minutes at 
4*C to remove lipid and cellular debris. An im- 
munoglobulin fraction was precipitated from the 
supernatant by the addition of anhydrous sodium 
sulfate over 1-2 hours at room temperature with 
constant stirring to a finaJ concentration of 20% - 
(w/v). The mixture was stirred for an additional 45 
minutes and allowed to stand at room temperature 
ovemight. The precipitated immunoglobulin was 
collected by centrifugation at 15.000 x g fbr 25 
minutes at room temperature and dialyzed over- 
night at 4''C against 0.02 M phosphate buffer, pH 
8.0. containing 0.02% MaN,. Albumin and prot- 
eases were largely removed by passage of tine 
sample over a CM Affl-Gel Blue column (BioRad 
t.aboratorie$. Richmond. CA) equilibrated in the 
same buffer. Fractions containing ttie im- 
munoglobulins were pooled, concentrated, and dia- 
lyzed against 0.02 M Trts-HQ buffer, pH 7.2, con- 
taining 0.02% NaNs using a Pro-OI-Con system 
(Bio-Molecular Dynamics. Beaverton, OR). Aliquots 
were applied to a DEAE Affi-Gel Blue column - 
(BioRad Laboratories) equilibrated in the same 
buffer at 4*C. After elution of unbound compo- 
nents, non-lgQ proteins were typically eluted with 
0.02 M Tris-HQ buffer, pH 7.2. containing 0.008 M 
NaCI and 0.02% NaN> Monoclonal antibody igQ 
was eluted isocraticafly wtth 0.02 M Trfe-HCI buffer, 
pH 7.2, containing 0.018 M to 0.040 M NaCI and 
0.02% NaNs. Fractions of 1 ml were collected and 
absoribance at 280 nm was monitored. Appropriate 
fractions were pooled, concentrated, and dialyzed 
against PBS. Mab purification was assessed by 
sodium dodecylsulfate polyacrytamide gel elec- 
trophoresis using 10% geis. Qeis were silver 
stained [0. Sammons, at al.. Electrophoresis, 2» 
135 (1981)1 dried, and stored fbr reference. Using 
this protocol. Mab yields ranged from 50-75% and 
their purity consistentiy exceeded 90%. The con- 
taminants were usually limited to traces of albumin 
and higher molecular weight components. 



0. Hybridomas Produced 

Three highly-reactive monoclonal antitxDdies. 
designated as A6H. G5H. and 05D were isolated. 

5 The Mabs were characterized and employed to 
localize carcinoma xenografts as described heretn- 
below. These Mat)s, hereinafter referred to as A6H, 
C5H, and D5D, respectively, are of tiie IgG. sub- 
class, express the kappa light chain, and when 

70 passaged in vivo, yielded from 2-6 mg of im- 
munoglobulin per ml of ascitic fluid. The hybridoma 
cell lines which produce A6H (designated UMVA- 
RCC-A6H). C5H (designated UMVA-RCC-C5H) and 
D5D- (designated UMVA-RCC-05D) have been de- 

75 ported with ttie American Type Culture Collection. 
Rodcville, MD, USA. and have been assigned ac- 
cession nos. ATCC Nos. HB 8803. HB 8801 and 
HB 8802, respectively. The hybridoma cell lines 
have been found to be stable producers for at least 

20 one year, are easily recovered from frozen storage, 
and remain mycopiasma-free. Mab A6H resulted 
from a tandem immunization schedule using five 
different human fetal kidney homogenates; and 
Mabs C5H and DSD resulted from a 5-month, 6- 

25 injection immunization of the RCC ceil iine 7860. 



Example 2 -Ctiaracterization of Antibodies 

30 A. Reactivity with Tissue Culture Cells 

Mouse ascites fluid produced folk)wing injec- 
tion of mice wtth each of the tiiree hybridomas of 
the present invention and from the AFP control 

35 hybridoma was collected and adjusted to 1 mg IgG 
per ml. Each Mab was titered against a panel of 38 
established human ceil cultures using the ceil bind- 
ing EUSA system described in Ex. 1(C)(i). 
hereinabove. TTie results are summarized In Table 

40 I. The sources of tiie human tumor cell lines which 
were incbjded in the cell-Unding EUSA panel sum- 
marized in Table I are gh/en in Table II. fbltowing. 
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Table I 

Titration of Nabs against assorted 

human tumor cell lines 

Lowest Nab concentration (ng/ml) 
yielding a positive reaction* 

A6H C5I? D5D AFP-02 



CELL LINES 

Renal Cell Carcinoma 



769P 


25 


SO 


25 


5^000 


1072P 


5 


50 


25 


1,000 


1934J 


25 


50 


25 


1,000 


7860 


5 


500 


1 


5,000 


A704 


5 


50 


5 


1,000 


ACHN 


1 


50 


25 


1,000 


CAKl-1 


5 


25 


5 


500 


CAKl-2 


5 


50 


NRa 


500 


Pastor 


i 


100 


1 


5,000 


SK-RC6 


25 


500 


25 


10,000 


SK-RC7' 


5 


50 • 


25 


500 


TK-10 


5 


100 


25 


500 


TK-164 


1 


25 


NR 


1,000 


TK-204 


1 


25 


1 


100 
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Bladder Carcinoma 



25 3 J NR 

48 6P NR 

57 5A 500 

639V NR 

647V NR 

5637 NR 

Prostatic Carcinoma 

DO-145 NR 



50 NR 5,000 

500 NR 5,000 

50 NR 10,000 

500 NR 5,000 

500 NR 1,000 

NR NR 500 



25 NR 500 



Melanoma 



SK-Mel-5 NR 1 NR 500 

SK-Hel-22 NR NR NR 500 



Breast Carcinoma 

MCF-7 NR *lQb NR 500 

SK-BR-3 500 500 NR 5,000 



Lung Carcinoma 

A-427 NR NR NR 500 

SK-Mes-1 NR NR NR 500 

Squamous Cell Carcinoma 

OM-SCC-1 NR 100 NR 1,000 

OM-SCC-2 NR 500 NR 5,000 
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Colon & Bowel Carcinoma 

1976L 5 500 NR 500 

HT-29 50 500 NR 1,000 

SW-48 NR NR NR 5,000 

Testicular Carcinoma 

833K NR NR NR IrOOO 

1156Q 100 500 NR 500 

1411H NR NR NR 50 



* ( NRaNonreac t ive ) 

*Three S.D. above the O.D. of control Mab APP-02 (indicator 
o£ nonspecific binding)* 

Table II 

Source of Cell Lines^ 

Cell Line Source 

Renal Cell Carcinoma 

1934J Dr. Michael Agrezr Mayo Clinic 

ACHN American Type Cell Culture Collection 

CAKl-2 American Type Cell Culture Collection 

Pastor Dr. DeKernian, Wadsworth and Brentwood 

Medical Center, Los Angeles, CA 

SK-RC6 Dr. Neil Bander, Sloan Kettering 

SK-RC7 Dr. Neil Bander, Sloan Kettering 
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Bladder Carcinoma 



.T-24 



Dr. Carol O'Toole, University of 
Tennessee 



Prostatic Carcinoma 



DU-145 



Dr. George Wright, Eastern Virginia 
Medical School, Norfolk, VA 



Melanoma 



SK-Mel-5 
SK-Mel-22 



Dr. Thomas Carey, University of Michigan 
Dr« Thomas Carey, University of Michigan 



Breast Carcinoma 



MCP-7 



SK-BR-3 



Dr. Clarence McGrath, Michigan Cancer 

Foundation 
American Type Cell Culture Collection 



Lung Carcinoma 



A-427 
SK-Mel-1 



American Type Cell Culture Collection 
American Type Cell Culture Collection 



Squamous Cell Carcinoma 



UM-SCC-1 
UM-SCC-2 



Dr. Thomas Carey, University of Michigan 
Dr. Thomas Carey, University of Michigan 
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Colon & Bowel Carcinoma 



HT-29 
SW-48 



American Type Cell Culture Collection 
American Type Cell Culture Collection 



^ Represents cell lines other than those which were estab- 
lished at the University of Minnesota* 



The data summarized in Table i are presented 
as the lowest Mab concentration (ng/lml) which re- 
sults In an absort)ance reading at least three star>- 
dard deviations atx)ve that obtained employing the 
negative control Mab. These results iHustrate that 
monoclonal antibody D50 is the most restrtcted. 
reacting with 12 of 14 ROC cell lines but no other 
human tumor lines* Ho reactivity against red blood 
cells (BBC) or lymphocytes was noted. Antitxxly 
AM was also substaiTtialty restrictive, reacting wHh 
all 14 ROC lines but with few other (5/22): 1 of 7 
tntnsitlonal cell carcinoma of the bladder caH Rnes, 
1 of 2 breast carcinoma cell lines, 2 of 3 colon and 
bowel cell cultures, and 1 of 3 testicular carcino- 
mas. No reactivity was observed against RBC or 
lymphocytes. The artfbody C5H reacted with the 
mitortty of the human tumor ceil lines (28^ in- 
dudng all of the RCC cultures. RBC and lym- 
phocyte reactivity was not ot>served. WRh the ex- 
oepoon Gv i^on, me iwaoe were nigniy reacuvet 
Often yielding a positive rssponse at 1 ngAmI 
against the RCC cell tines. 



B. Immunopalhological Evaluation of the AiitlbocRee 

Surgical specinrtens were preserved in the fol- 
lowing manner. Tissues were returned to the lab- 
oratory In Ice-cold saline within one hour after 
excision. NecrotiCt connectlve» and fatty tissue was 
removed and the specimen was cut into pieces not 
exceeding 2 mm/side. Each specimen was pre- 
served t>y at least two of the following three meth- 
ods: (a) tissue pieces were held on ice while 2 mi 
of 2-methyii9utane Osopentane: Eastman Kodak 
Ca. Rochester, NY) was placed Into 4 ml screw- 
top glass viais. The vials were placed in a rack 
half-submerged in Ik^id nitrogen for one to three 
minutes to freeze the isopentane. Rubber-lined 
caps were attached, and ttie vials were stored at 
*80*C: (b) tissues were stored in OCT emt)eddir)g 
medium (Miles I-aboratories. Napenrflle. IL). Speci- 
mens were submerged in i ml of OCT contained in 
wells of a polyvinylchloride 24-well tissue culture 
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plate, frozen on dry toe, and stored at -60*C: (c) 
tis sues were placed in cold txxffered formalin and 
pa r afflf he m bedded tissue bkxks were prepared by 
conventional technkiuee. 

For analysis, samples were removed, sectioned 
wHh a cryostat (frozen specimens) or microtome - 
{pmmun emoeaoao spocimensi ano stamea (wnn 
immunoftuorsecence or immunoperoxidase) using 
the following procedures. ImmurwAuorescent tissue 
staining was performed on 4-um cryostat sections 
ram either fresh or stored tissue after 
in either acetone or 0.15% giutaraidehyde 
in PBS for ten minutes and washing throe times for 
three mlnutss each in PBS, pH 7.4. The sections 
were then Incubated with SO ul of purified Mabs (2 
ugAnI) or fresh culture supematants for thirty min- 
utes. The sections were wastied, overlaid with 
FTTC-labeied rabbit anti-mouse IgQ. and washed 
again. Gkwt antl-fabbit-FITC corijugate was added 
ana me saaes were mcuDaieg for an aoanionai 4o 
minutes at room temperature. The sections were 
washed and mounted in wet (Beivatofl 20-30 - 
(Monsanto. St Louis, MO). All sections were evahi- 
alad using an Olympus BH-2 epi^uoresoenoe and 



66 



Immunoperoxidase stalr^ng was performed on 
both fresh frozen and paraffin-embedded tissue as 
deecrftied by Wordinger in Manual of Inv- 
munoperoBddase Technkiues, R. Wordinger, Q. W. 
Miller, D. S. Nioodemus, eds.. American Society of 
Cnnteal Pathok)gists Press. Chicago. III. (1963). us- 
ing as a secondary antitxxly goat anti-mouse IgO 
labeled with honwadlsh peroxidase and 3*,3*-dla- 
mlnobenzkjine tetrahydrochk>r1de as a cotor indica- 
tor. Sections were countsrstained with hematoxytin. 
In t)oth procedures, controls consisted of AFP<02 
and other IgQ, Mabs that were nonraactive with 
fRCC tissue culturee at the same concentratiorts as 
the M^ under evaluation. 

Representative immunohistochemical reactivity 
profiles of the three tumor-spedfic Mabs are sfiown 
in Table Ul. While the data in Table lit represent an 
analysis of immunofluorescent staining patterns us- 
ing cryostat sections of fresh frozen specimens, the 
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Mabs were also tested against paraffin-embedded 
tissues by the immunoperoxidase technique. With 
the exception of C5H. which does not react with . 
paraffin-embedded tissues, the profiles were simi- 
lar, although the degree of reactivity was usually s 
somewhat weaker. 



70 

Table III 

Reactivity of Monoclonal Antibodies with Human Tumors 
Normal and Fetal Tissues 



ANTIBODY: A6H C5H DSD 

Reactivity Group*: 0 1-2+ 3-4+ 0 1-2+ 3-4+ 0 1-2+ 3-4+ 
TISSUE 



Cancer 



Kidney (RCC) 


2 


9 


4 


2 


14 


1 


5 


12 


0 


Kidney (Non-RCC) 


1 


0 


0 


0 


1 


0 


1 


0 


0 


Kidney (TCCBa 


1 


D 


0 


0 


1 


0 


1 


0 


0 


metastases) 




















Lung (RCC 


1 


1 


0 


0 


2 


0 


0 


2 


0 


metastases) 




















Bladder (TCCB) 


5 


0 


0 


1 


6 


0 


7 


0 


0 


Prostate 


4 


0 


0 


3 


4 


0 


7 


0 


0 


Colon 


6 


6 


0 


3 


8 


0 


11 


0 


0 


Lung 


1 


0 • 


0 


1 


0 


0 


1 


0 


0 


Testicle 


3 


0 


0 


1 


6 


0 


6 


0 


0 


Lipoblasts 


0 


0 


0 


1 


0 


0 


1 


0 


0 


Penile 


2 


0 


0 


2 


0 


0 


2 


0 


0 


Pancreatic 


1 


0 


0 


0 


1 


0 


1 


0 


0 
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Normal 



Kidney 


0 


lib 


0 


0 


lib 


0 


11 


0 


0 


Lung 




0 


0 


6 


0 


0 


6 


. 0 


0 


Colon 


5 


0 


D 


5 


0 


0 


5 


0 


0 


Bladder 


4 


0 


0 


4 


0 


0 


4 


0 


0 


Prostate 


4 


0 


0 


4 


0 


0 


4 


0 


0 


Liver 


4 


0 


0 


4 


0 


0 


4 


0 


0 


Stomach 


3 


0 


0 


3 


0 


0 


3 


0 


0 


Testis 


4 


0 


0 


4 


0 


0 


5 


0 


0 


Spleen 


3 


0 


0 


3 


0 


, 0 


3 


0 


0 


Fetal 




















Kidney 


0 


8b 


0 


0 


8b 


0 


8 


0 


0 


Spleen 


6 


0 


0 


6 


0 


0 


6 


0 


0 


Lung 


5 


0 


0 


S 


0 


0 


5 


0 


0 


Liver 


4 


0 


0 


7 


0 


0 


7 


0 


0 


Colon 


5 


0 


0 


5 


0 


0 


5 


0 


0 


Stomach 


3 


0 


0 


3 


0 


0 


3 


0 


0 


Bladder 


1 


0 


0 


2 


0 


0 


2 


0 


0 


Pancreas 


2 


0 


0 


2 


0 


0 


2 


0 


0 


Thymus 


4 


0 


0 


4 


0 


0 


4 


0 


0 


Bone Marrow 


4 


0 


0 


4 


0 


0 


4 


0 


0 



^TCCB=Transitional cell carcinoma of the bladder. 
bSee text for discussion of selective renal staining pat- 
terns. 

* 0 = none; 1-2+ « weak to moderate; 3-4+ » strong. 

In addition to the tissues Rsted in Tsble III, 
there were three opportunities to study kxrth the ^ 
primary RCC and its metastasis. The tissues were 
immunofluorescently stained with. ABH. C5H. and 
06D (Table IV). The intensity of the staining and 
the pattern of staining were similar in each series. 
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Table IV 

RCC Primary and Metastatic 
Iiranunohis.tochemical Reactivities 



Immunof luorescent Grading 
of Mab Reactivity 



RCC TISSUE SPECIMENS 



A6H 



C5H 



DSD 



Primary (p) ; Metastatic (M) 



1133 
1133 



P 
M 



++ 



+ 
+ 



++ 



1166 
1166 



P 
M 



++ 
+ 



++ 
+ 



3441 P 
3441 M 

The results of all the tissue immunohistochem- 
ical stucSes Illustrate patterns of reactivity which are 
similar to those obtained in the celM)inding EUSA 
and provide additional information concemir^g the 
expression of the recognized antigens. DSD re- 
mained the most restricted, reacting with most 
RCC surgical specimens (14/19 primary and meta- 
static samples) but not with any other human tu- 
mors or non-renai nonmal and fetal tissues in the 
panel (0AI10 tissue samples), and exhibiting an 
apparent absence of any consistent reactivity with 
adutt or fetaJ kidney (0/19 tissue samples). (DSD on 
rare occasions has reacted In a -•*/• to 1 level 
with the Bowman's capsule.) ASH Identifies an epi- 
tope shared by RCC (14/17 specimens), 6 of 12 
colon carcinomas, and the proximal tubules of nor- 
mal and fetal kidneys. Breast carcinoma tissue 
sections were negative (0/1 specimen). No other 
cancer or normal tissues expressed the ASH reac- 
tWe antigen. CSH reacts well with RCC (17/19 tis- 
sues) and most other human tmor sections (27/37 
samples), the gtomerulus of normal and fetal kid- 
ney, but no other non-tumor tissues (0/70 tissue 
sections). 



35 



40 



46 



SO 



55 



Other noteworthy ot)servatlons include the ab- 
sence of ASH or DSD reactivity with (a) a non-RCC 
renal tumor (i.e.. an oncocytoma) and (b) a meta- 
static transitional cell carcinoma of the bladder 
which was located within tiie kidney. 

FIGURE 1 Is a photographic composite depict- 
ing the typical staining pattems observed with 
Mabs A6H (A&B). CSH (C&D) and DSD (E&F) on 
nonnal kidney {A, 0 and E) and RCC (B. D and F) 
sections. The specimens were flash frozen in 
isopentane and 4 um sections were prepared. Sec- 
tions were fixed witii glutaraldehyde and thoroughly 
washed. The sections were tiien incubated witii 50 
ul of purified Mab (2 ug/ml) for 30 minutes, washed 
and overlaid witii FITC-labeled rat)bit antimouse 
IgG and FITC-labeled goat anti-rabbit antibody. 
Pronounced proximal tubular staining is obtained 
witii ASH as shown in RGURE 1A and the 
glomerular staining obtained with CSH Is shown in 
RGURE 2C. DSD exhibits no visible normal renal 
reactivity as shown in RGURE IE All tiiree Mabs 
stained the RCC sections. 
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Example 3 -Tumor Detection and Imaging 



C. Bjodistribulion of Radiolabefed Mabs 



A. Radiolabeling of Monoclonal Antibodies 

Purified A6H. C5H, DSD or the control IgG, - 
(UMVA-AFP-22) was radiolabeled with either 125-1 
or 131-1 using the chkxamine T procedure. The 
Mab (70-150 ug) was mixed with 1-2 mCi of Na- 
il 25-1) or Na(13i-I) and 5 mg chioramine T in 0.1 
M phosphate buffer. pH 7.2, for 20^ seconds 
after which tyramine was added to stop the reac- 
tion. The iodinated immunoglobulin was separated 
from excess reaciants by gel flHratton (Bio-Gel P- 
60Q; Bio-Rad Laboratories). Specific acthoties of 
the radlolabeied Mab ranged from 5-20 uOAjq. 
Each rKjk>tat)eted Mab preparation was evaluated 
for immunologic activity. An aliquot of the prepara- 
tion (approximately 10* cpm) was added to repli* 
ca!» tubes containtng 10* cells of an RCC cell Bne - 
(7860). previously shown to be highly reactive wHh 
A6H. The tut)es were incubated at room tempera- 
ture wHh periodic mixing. After one hour, the cells 
were pelleted bf centilfugation, arxl the amount of 
rsKMabei bound to the cells detemnined and ex> 
pressed as the percent of total radiolabeled Mab 
added to the tuk>es. This value, representing the 
i m munoto g icaily reactive portion of the radiolabeled* 
pre para tion, generally ranged from 50-70%. al- 
though on occasion low immunological activity - 
(00%) was noted. These preparations of low activ- 
ity were not utilized In the studies presented 



B. Hiffnan Tumor Xenografts 

Human RCC xeriografts were estat)iished suth 
ctilaneously in nude mice from fresh surgical 
specimens and maintained in tiie colony by serial 
panage. The six RCC xenografts utilized In time 
sludtos were prepared from cell lines estatrilshed at 
the University of Minnesota and designated TK-38, 
TK-82, TK 161. TK 163, TK-177C. and TK-177a 
These xenografts closely resemble ttie histology of 
thair original human tumor. 

Control human tumor x enog r afts incorporated 
in this study were V02, an endometrial carcinoma 
provided by Dr. P.Q. Satyaswaroop. Milton S. Her- 
ahey Medical Center. Philadelphia, PA); a 
fnatanoma (Sk-Mel-28; Sloan Kettering. N.Y.). a hu- 
man toaticuiar carcinoma (1411 H) and a lym- 
phoma (1179 L) from the Unhmity of Minnesota. 



Mice undergoing RIS received 20-40 uCi (2-4 
ug) of 131*1 radiolabeled Mab. whereas those used 

5 solely for biodistribution studies received 1 to 2 uCi 
(0.1-02 ug) of tiie radiolabeled Mab (125-1). The 
biodistribution of tiw radlolabel was determined im- 
mediately following scanntrig. 

In order to determine ttie quality of localization, 

10 several parametare using eight different tissues 
were calculated: (a) ttie tumor-blood (T:B) ratio, (b) 
a Tumor Tissue or T:T ratio witti particular em- 
ph»is on ttie accrstton of radlolabel In ttie liver 
and spleont (c) the ratio between RCC preferential 

rs Mab a ccretion and non-epedfic Mab accretion in 
each x enograft (d) ttie percent of injected dose in 
ttie xenog r af t on a per gram basis and (e) ttie 
percent of radloiabel within ttie xenograft compared 
to the whole body at ttie time of imaging. 

20 Figure 2 is a graphic depiction of ttie specific- 
ity incfices (SO or T:B ratios for ttie first 59 mice 
entered into ttie RIS study. 

As illustrated in FIGURE 2, ttie T:B ratios (i.e. 
biodiMbutton indsMas) post-injection of radiolabel- 

26 ed ASH ranged from 4 to 60 In ttie RCC xenografts. 
In the noTHRCC x eno gra ft s and most of the normal 
tissues ttie s pecificity indexes were <1 for all of ttie 
labelled antfbodea. Of twenty-ttiree ttiyroid sam- 
ples, four resulted in tikxfistrttxjtion indexes for 

30 A6H of 1-2. aa dkl one of ttie eighteen lung speci- 
mens- In contrast, AFP-22 dkl not show enhaiKed 
localzatfon In any of the x ano giaf ts or normal tie* 
sues teste d . (None of the mice t)eartng RCC xent^ 
grafts TK-177C or TK-177Q received AFP-22.) The 

3S sStf^Mf increased blocfistribution indexes (T:B ra- 
tios) on day 3 when co mpa red to day 2 were 
inalgnlflcani overeH. 

Since normal tissues nonnaliy contain less 
radlolabel per unit weight than t)lood, T:T ratios 

40 tend to yield considerably higher values ttian T:B 
ratioe. Fbr example, as p r e se nte d in Table V, ttie 
selectivity of A6H for the RCC xenografts is repre- 
sentsd t>y mectian T:T ratios ttiat often exceeded 
about 10-20 and in eleven instances exceeded 100. 

46 whereas AFP-22 did not exhitxt any selectivity 
annong ttie xenografts or tissues involved in ttiese 
investigations. Alternatively. In animals bearing botti 
a Mab specific xenograft (e.g. RCC for A6H) and a 
nonspedflc xeno^aft. a tumor specificity Index can 

00 be calcuiated based on ttie retention of radlolabel 
per unit weight in each xenograft e.g., specific 
tumor (cpm/jfng)/honspecific tumor (cpm/mg). In ttie 
ttme ammals bearing botti TK-62 and VC-2, A6H 
yielded tumor specificity Indiaxes of 24. 33 and 37. 
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Table VI summarizes data derived from a ran- 
dom selection of 30 mice from the study summa- 
rized on Rg. 2, comparing T:B, T:T (liver and 
spleen) and percent injected dose values n\easured 
fdllowing injection radiolabelled A6H. C5H and 
05D. 
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Table VI 
BIODISTRIBUTION PARAMETERS 



Range of Biodistribution values 



Mab 




T:B T 


:T{ Liver) 


T:T{ Spleen) 


% Injected dose/g 


A6H 


8 


- 40 


17 - 137 


22 - 117 


17 - 145 


CSH 


2 


- 14 


5-22 


6-27 


9 - 32 . 


DSD 


1 


- 10 


2-17 


3-17 


3-12 


a) 


Ten 


animals 


from each 


Mab study were 


randomly selected 



for presentation. The table contains data from mice 
bearing different RCC xenografts. 



A further mdasurement used in evaluating the 
polanliai of an antitxxiy for RIS is to calcutata the 
percent of radiolabeled antibody in the xenograft 
per unit weight of tissue as a function of iniacted 
dose. Of the animals receiving a 1 uCi dose of 125- 
r f a ow iapeieo Aori ana wnose ncu xanograns 
ware removed on day 2« five defesrminations were 
made: TK-177Q (28% and 40% of injected doee 
per gram). TK-177C (7% and 9%). and TK-38 - 
(13%). In mice sacrificed on day 3. the values were 
unifbrmly higher TK-177Q (84%, 95% and 140%) 
and TK-177C (21% and 51%). 

Mice with Staphylococcal sMn abscesses were 
involved In the final series of biodistribution studtoe. 
Two of the thirteen specimens exhibited marglnaiiy 
elevaled T:B ratios of 1.2 and 1.4. All of the other 
a b sce ss ed sidn samples had T:B ratios of <1. 
although the actual values were higher than those 
usually found in normal tissues. These data dem- 
onstrate that the IgG, Mabs A6H and AFP-22 may 
accumulate slightly In areas of acute tissue In- 
flammation, but the levels rarely exceed the con- 
centration of radiolabeled antibody in the blood. 



D. Radk)immunosdntigraphy 

Two RIS studies were performed In cor^unction 
with tfie Mab biodistribution Investigations. In the 
first three mice bearing both TK-177C and TK- 
177Q xenografts were intravenously Injected with 
20 uG of 131-1 ASH. 



RQURE 3 depicts the label density in one 
mouse as measured by serial scintigraphy per- 
formed at fNB hours (scan A), one day (scan B). 

^ and two days (scan C) fdfiowing the Iniectfon. kn- 
medtaiMy following tfie last scan, TiB ratios were 
delannined and tfvese are expressed in scan C 
along wHh the weight of each xerK)grafL Back- 
ground subtraction tecfviiques were not used. 

^ Altfxxjgh sdntigrapfiic distlrKtfon of tfie RCC 
xe n ug i afts was marginal at five hours, dear images 
were observed by day 2. RQURE 3C also indicates 
the x e n o g i sll size and ttw T:B ratios of 5.4 (TK- 
177C) and 21 (TK-177Q). Time ratios are among 

^ the lowest observed for tfiese two xenografts as set 
fbrth on Table V. 

The second RIS series consisted of eigfit mice 
bearing either two RCC xenografts or one RCC 
xenograft and a second non-RCC xenograft Four 

^ of the RIS scans are depicted in RGURE 4. along 
with details of xenograft size and T:B ratios. Mice 
received either 131-1 radiolabeled AFP-22 (N-3) 
RQURE 40 or A6H (N-5) RQURES 4A-C (1-40 
uQ/dose; 10 uCIAig spedflc activity). Imaging was 

so IflllW li M» rl«l 1 9 • |«u llll I lllwlBlil I llfll II 

penormeQ on oay 2 lonoweQ oy oioanuiDUuon 
analysis. As previousfy shown (RQ. 3), ASH always 
localzed in the RCC xenografts providing T:B ra- 
tios of at least sbout 4, wtiereas AFP-22 consis- 
tently yielded T:B ratios of <1. In the RIS series 
" depicted In RQ. 4. all non-RCC xenografts and 
normal tissue T:B ratios were <1. Consistent with 
these data, the RIS scans detailed the specific 
localization of ABH to the RCC xenografts but not 
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to non-RCC xenografts. For example, in scan B. 
A6H shows unquestionable discrimination between 
a small RCC xenograft (TK-82, 108 mg) and the 
larger endometrial carcinoma xenograft control • 
(VC-2, 3355 mg). The respective T:B ratios were 
11 and 0.33. Also, in this animal the specificity 
index was 33. In a similar manner, the fact that 
AFP-22 did not highlight any of the tumor xeno- 
grafts by RIS was supported by xenograft T:B 
ratios of <1. 

It was not necessary to utilize background sub- 
traction techniques to visualize the RCC xenografts 
localized with A6H. In fact, there was no significant 
accumulation of A6H In the liver or the spleen by 
RIS and this was verified by consistently low (<1) 
T:B ratios in these organs. Also, there appeared to 
be a correlation between the intensity of the RIS 
scan and the T:B ratio •TK-177G was clearly the 
easiest to visualize and had the highest median T:B 
ratio of 27. In addition. TK-177G exhibited the 
highest percentage of radiolabel dose per unit 
weight Rnally. RIS was sufficiently sensitive to 
detect a 60 mg TK-39 xenograft which had a 
biodistribution Index of 23. 

The detection of approximately 40 mg tumors 
appears to be the lower limit of sensitivity for the 
subcutaneous site employing the above method, 
since the initiai implant is always at least 25 mg. 
Therefore, the sub-renal capsule (src) implantation 
technique was employed to establish 6 RCC xeno- 
grafts from Implants of 2 mg with a >90% take 
rate. The doubling time ranged from 8-12 days at 
this site compared to 15-30 days when the grafts 
were implanted subcutaneously. In preTiminary src 



RIS studies using the three labelled Mabs. suc- 
cessful imaging was achieved of xenografts ranging 
in size from 7-28 mg with T:B ratios ranging from 
1.2-42 and xenograftikidney ratios of 14-68 (N-24). 
5 The percent injected dose per gram ranged from 
10->500%. 



E Radioimmunotherapy (RIT) of RCC Xenografts 
10 Using 131 I-A6H: 

Preliminary RIT studies were initiated in four 
experiments each lasting up to 150 days. At the 
time of injection (day 0). the xenografts TK-82 or 

16 TK-177 were approximately 50-100 mg in size. 
Each series consisted of four groups of animals: 
one received 100 uCi (10 uCi/ug specific activity) 
131-1 radiolabeled ASH Injected i.v.; a second re- 
ceived unlabeled ASH (10 ug i.v. dose), a tiiird 

20 group received an equivalent dose of 131-1 
radiolabeled Mab specific for AFP (AFP-22) and 
the last group received no treatment Therapy was 
repeated on day 20. Periodically, tumor size was 
quantitated. a size index was calculated (w x d x 

25 h). and the results expressed as a percentage of 
the tumor size on> day 0. The results summarized 
in Figs. 5A-0 showed a dramatic inhibition of tumor 
growtii vrith RCC radioiat)eled Mabs. The number 
of animals entered into each group is indicated in 

30 parentheses at the end of the survival curves. 

In addition to the size index, survival data was 
also calculated for these four series of experiments 
and are presented in Table VII. 

35 
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Table VII 

SUMMARY OF RADIOIMMUNQTHERAPY SURVIVAL DATA^ 



No, Presumed No. Presumed Tumor Death 



Treatment 



Total No. 
Entered 



Indicental 
Death*^ 



No. 



Mean Survival 
(days) 



None 16 
Non-labeled A6H 8 

I3I1-AFP-22 ^5 
I3I1-A6H 17 



4 
3 
2 
12 



11 
5 

13 
0 



67 
61 
74 
>150 



Analysis of survival in tumor bearing nude mice is difficult 
since these animals often die of * incidental" causes during 
the course of study. Percent change in tumor size is 
probably a better parameter for assessing the effects of 
therapy. 



May include death from infection, anesthesia or unknown 
causes * limited to mice bearing tumors <1Q00% of original 
size. 



'Death from any cause when tumor is >1000% of original size< 



The mean survival among the three ccxrtrol 
groups ranged from 61-74 days with all showing 
tumor progression >10 fold (N«29). in contrast 
none of the 16 animals treated witti two doses of 
the radiolabelted A6H showed progression, al- 
though some animals In each group died of Infec-" 
tion or anesthesia while we were estimating tumor 
size. Mean survival in the group treated with the 
radiolabelled A6H was more than 150 days. One 
mouse received only one dose of the radiolabelled 
ASH; after initial tumor anrest some progression 
was observed at day 75. At sacrifice (day 80) a few 
viable tumor cells were found in the nocfajle. By 
contrast tfie two mice that received two dotww of 
tfie labelled A6H were also sacrificed at this tin>e • 
(Rgure SB -group 11) and both nodules showed only 
fibrosia with no evidence of viable tumor ceils. 
Dosimetry calculations indicatad that each 100 uCl 
Injection of the.RCC Mab ABH results in the deliv- 
ery of approximately 5500 rads to the RCC xeno- 
grafts over a three weei( period with total body 
InBdiation being less than 300 rads. This calcula- 



80 



86 



tion is encouraging because it Indicates tumoricytat 
dosages are being administersd spedficaiiy to the 
tumor while normal tissues receive tolerable irradia- 
tion. These studies represent the first successftd 
treatment of RCC xenografts by any modality. 



DISCUSSION 

Compared to other radioimmunolocalization 
studies, the labeled Mabs of the present invention 
demonstrate unusually high and specific T:B ratios. 
For example, the accumulation of radiolabeled ABH 
wHhin the four RCC xetiogiafls ranged from 4 to 2 
60 times thM in the blood and from 13 to >200 
times that In the »ver» while none of the RCC 
turrm demonstrated specific uptaice of the control 
Mab NFP^ZL As shown on Table VI. antibodies 
C5H and DSD have exhibited somewhat lower but 
nevertheless very high T:B ratios. These antibodies 
have also provided highly discriminatory images. 
Insignificant control Mab accretion suggests that 
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the high T:B ratios obtained with A6H. C5H and 
05D were not due to physical trapping of im- 
munoglobulin in the tumor tissue. Furthermore, it is 
unlikely that accumulation of the Mabs within the 
RCG xenografts was due to an inflammatory effect 
since the amount of the Mab found in acutely 
inflamed skin abscesses was usually less than in 
the circulation, and histological evaluations of sev- 
eral RCC xenografts showed insignificant inflamma- 
tion in the tumors. 

In the present RIS studies, clear tumor resolu- 
tion was obtained consistently without using sub- 
traction techniques even for the smallest RCC xe* 
nograft in the series, which was 0.1 cm in diameter 
and 7.0 mg in weight under the sub-renal capsule. 
Indeed, this small xenograft accumulated 5.0% of 
the injected dose, or >500% on a per gram basis. 
Also, in animals bearing both a RCC and a non- 
RGC xenograft, RIS distinguished the two tumors 
and biodistribution analysis of the xenografts yiekl- 
ed a median tumor specificity index of 33. All these 
data indicate that the localization of the present 
Mabs is an antigen-mediated event which is highly 
preferential for RCC. 

Furthenmore. when the present data is con- 
verted to percent injected dose of radioactivity per 
gram of tumor, ABH continues to show exception- 
ally high levels of selective Incorporation. For ex- 
ample, in one series of tests, A6H yiekJed a mean 
of 34% of injected dose/g on day 2 and 106% on 
day 3 In TK-177G. Also, with A6H, over 0.1% of the 
total body radioactivity is present in the RCC per 
mg of tissue at day 2. In comparison. Pimm and 
Bakjwin. in Eur. J. Cancer CKn. Oncol., 22. 515 - 
(1984) using an osteogenic sarcoma preferential 
Mab. reported: (a) T:B ratios ranging from 0.0-2.9, • 
(b) 8.9% of the injected dose/g on day 2. and (c) 
0.03% of whole body radioactivity/mg in the xeno- 
graft These values are comparable to those ob- 
tained with other tumor preferential antibodies that 
have shown preferential biodistribution but lack the 
level of discriminatk)n necessary for the detection 
of small tumors by RIS. For example, see S. 1^- 
son et al.. J. Nud. Med.. 21. 123 (1983). Thus, the 
present Mabs appear to show exceptional localiza- 
tion by these parameters as well as by T:B ratios. 

In summary, hybridoma techniques have tieen 
employed to produce new cell lines which yield 
monoclonal antibodies which bind strongly to a 
variety of renal cell cardnomas, while not binding 
substantially to normal tissue. Two of the 
hybridomas yield antibodies ASH and DSD which 
are highly specific for renal cell carcinoma, reacting 
with 100% and with more than 85% of the human 
RCC cell lines, respectively, to which tiie anti- 
bodies were exposed. These antibodies are sub- 
stantially non-reactive with other human tumor ceil 
lines. A ttiird monoclonal antibody, C5H, is 100% 



reactive with RCC ceil, lines and substantially reac- 
tive with other human tumor cell lines. When label- 
ed with radioactive iodine, ail three antitxxjies be- 
came highly concentrated in human RCC xeno- 

5 grafts, thus permitting tiie tumors to be effectively 
visualized by radioimmunoscintigraphy. witiiout the 
need for background subtraction techniques. Fur- 
thermore, injections of radiolabeled (131-1) antibody 
A6H caused a significant reduction in RCC xeno 

10 graft tumor masses. Thus it is expected that the 
monock>nal antibodies of the present invention will 
be useful in tiie diagnosis, imaging and radiotiw- 
apy of RCC in human patients in clinical settings. 
The present invention has been described with 

75 reference to various specific and preferred embodi- 
ments and techniques. However, it shouki be un- 
derstood that many variations and modifications will 
become apparent to tfiose skilled in the art from 
the foregoing description and may be made while 

20 remaining within ttie spirit and scope of the inven- 
tion. The invention described and claimed herein is 
not to be limited in scope by the cell lines depos- 
ited, since the deposited embodiments are intend- 
ed as illustrations of specific aspects of tiie inven- 

26 tion. Any other hybridoma cell lines. Including 
naturally-arising or intentionally produced mutations 
of the present hybridonnas, which produce function- 
ally equivalent monockxial antibodies are within the 
scope of this Invention. 

30 

Clatim 

1. A method for detecting and imaging a renal 
35 cell carcinoma comprising injecting a human sub- 
ject with a monoctonal antibody produced by a. 
hybridoma cell line selectW from tiie group con- 
sisting of UMVA-RCC-C5H, ATCC No. HB 8801; 
UMVArRCC-D5D, ATCC No. HB 8802; UMVA- 

40 RCC-A6H. ATCC No. HB 8803 and the mutations 
thereof which are able to bind to said carcinoma 
cells while not substantially binding to normal cells; 
wherein said monoctonal antibody Is radioiabeied 
with a radioisotope capable of detection with a 

45 photoscanning device; localizing tlie antibody in the 
renal cell carcinoma; and determining tiie radioac- 
tivity of the carcinoma-bound monoclonal antibody 
by photoscanning the subject with tiie photoscan- 
ning device so tiiat the carcinoma is detected and 

so visualized. 

2. The metiiod of Claim 1 wherein tiie car- 
cinoma is visualized by scintigraphy. 

3. The method of Claim 1 wherein the mon- 
oclonal antibody is labeled with a radk)isotope of a 

55 halogen atom. 



22 



43 



0 210 970 



44 



4. The method of Claim 1 wherein the mon- 
oclonai antibody is labeled with a radioisotope se- 
lected from the group consisting of Iodine 125. 
kxline 131, Iodine 123. Indium 111. Ruthenium 97. 
Copper 67 and Technicium 99. s 

5. The method of Claim 1 wherein the mon- 
oclonal antibody does not substantially localize in 
hunnan norwenai cell carcinomas. 

0. The method of Claim 1 wherein the ratio of 
the amount of antibody in the tumors to the amount to 
of antibody In the blood of the subject is at least 
about 4. 

7. A method, of tumor radioimmunotherapy 
which comprises introducing into a human subject 
having a renal cell carcinoma a rs 
rad to ther a peuticaHy-effective amount of a mon- 
odonai antibody produced by a hybridoma celt line 
selected from the group coexisting of UMVA-RCC- 
CSH, ATCC r4o. HB 8801; UMVA-RCC-050. ATCC 
No. HB 8802; UMVA-RCC-A6H. ATCC No. HB 20 
8803 and the mutations thereof, which is able to 
bind to said carcinoma cells wttile not substanlialty 
binding to nomnal cells; wherein said monodonai 
antibody is radiolabeled with a radioiaotope; and 
locaBzing said monodonai antibody in said car- 29 

CinOTML 

& Ihb method of Claim 7 wherein the 
ra dfaiSD to p e is selected from the group consisting 
of kxflne 131. Yttrium 90. Odd 190. Palladium 100. 
Copper 67, Bismuth 21 7 and AndnKXiy 211. so 

9i A monodonai antibody of subdaas IgGn 
produced by a hybridoma fbmied by fusion of ceils 
from a nfKKise myeloma line and spleen ceils from 
a mouse previously immunized with a plurality of 
human fatal kidney homogenales* which andbody: sa 

(a) expresses ttie kappa Hgtit chain, 

(b) is about 100% reacth^ with human renal 
ceii cardnoma cell lines, 

(c) is sut}stvitially non-raactlve with human 
nofwenal cell cardnoma ceil UneSt and 4o 

(d) reacts with the proximal tubules of nor^ 
mal and fatal human kidney tissue txjt is sut>stan- 
tiaOy norweactive with other normal human tisaue. 

10. The monodonai antibody of Clalm^O whteh 

is produced from a hybridoma formed by fusion of 48 
P3-NSI-Ag4-1 or P3X3-Ag8.653 mouse myekxna 
ceHs with spleen cells obtained from a BALB/c 
mouse previixisiy immunized in a tandem immuni 
zation schedule witti a plurality of phenotypically 
similar, genotyplcaily-disslmiiar human Mai kidney so 
homogenates. 

11. A nK>nodonal antibody of subdass IgQ,, 
pfoduoed by a hybridoma formed by fiisksn of ceils 
from a mouse myetoma line and spleen ceils from 

a mouse previously immunized with a human renal so 
cell carcinoma cell line, which antibody: 
(a) expresses tiie kappa light chain. 



(b) reacts witti more ttian 85% of human 
renal renal cell cardnoma cell lines. 

(c) does not react with non-renal ceil human 
cardnoma ceil lines, and 

(d) does not react with normal human tissue. 

12. The monoctomii antibody of Claim 9 whk:h 
is produced from a hyt)ridoma fonned by fusion of 
P3-NSI-Ag4»1 or P3X3-Ao8.653 mouse myetoma 
cella with spleen ceils obtained fn^n a BALB/c 
mouse previously immunized witit tiie human renal 
cell cardnoma Hne 7880. 

13. A rnonodonai antibody of dass IgG,. pro- 
duced try a hytyldoma formed by fusion of cells 
from a mouse myetoma fine and spleen ceils from 
a mouse previously immunized with a human renal 
oeli c a r dnom a ceil line, which antibody: 

(a) SKpresses ttie kappa light chain; 

(b) is about 100% reactive wHh human renal 
ceil ca rdnoma cell lines; 

(c) is substantially-rsactive witii norwenal 
cell cardnoma oeli lines; and 

(d) reads with ttie gtomenilus of normal and 
fMal human kklney tissue but does not react wHh 
otiier normal human tissue. 

14. A monodonai antibody of Subdass IgQ,. 
produced by a hybridoma formed by fuston of cells 
from a mouse myetoma Kne and spleen cells from 
a mouae prevtoualy imnujnizad witi) tiie human 
renal cell cardnoma line 7860. 

15. A hybridoma cell line having ttie char- 
actaristtcs of UMVA-fVX>A6H, ATCC No. HB 8803, 
and the mutations tfieraof, formed t>y a process 
comprising fusing P3-NSI-Ao4-1 or P3X3-AGa663 
mouse myetoma cells wftti spleen ceils obtained 
finom a BALBte mouse prevtously immunized in a 
tandem immunizBtion schedule comprising the se* 
quenttal Injection of ttie mouse witti a phiralty of 
p h enotypteaUy similar, genotypically dissimilar hu- 
man fatal Wdnay homogenafiasr which hybridoma 
cefl Ine producea a monodo na i antibody agidnst a 
human ranai car d n oma cell One. 

16. The hyt)ridoma cell line of Oaim 15 
wtiervin five (flffsrent human fatal kidney homog- 
enates were empioye4 in ttie Immunization - 
scheduto. 

17. A hybridoma cell line having ttie char- 
acteristics of UMVA-RCC-C5H. ATCC No. HB 
8801. and ttie mutations ttiereof, formed by a pro- 
cess comprising fusing P3*NSI-Ag4-1 or R3)C3- 
A08.653 mouse myetoma ceils witti a mur^ 
spleen cefl Hne obtained from a BALB/c mouse 
immunized witti ttie rsnal cell cardnoma ceH One 
7860, which hybridoma oeli One produces a moi^ 
odonai antibody against a human renal cardnoma 
ceO line. 

1& A hybridoma cell line having ttie char- 
acteristics of UMV/i^CC-D5D. ATCC No. HB 
880?, and ttie mutations ttiereof, fdrmed by a pro- 
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cess comprising fusing P3-NSI-Ag4-l or P3X3- 
Ag8.653 mouse myeloma ceils with a murine 
spleen cell line obtained from a BALB/c mouse 
immunized with the renal cell carcinoma cell line 
7860, which hybridoma cell line pro duces a mon- 
oclonal antibody against a human renal carcinoma 
ceil line. 

19. The monoclonal antibody produced by the 
hybridoma cell line of Claim 15. 

20. The monoclonal antibody produced t>y the 
hybridoma cell line of Claim 17. 

21 . The monoclonal antibody produced by the 
hybrfdoma cell line of Claim 18. 



22. The radiolabeled monoclonal antibody pre- 
pared by a process comprising binding a 
radioisotope to the monoclonal antibody of Claims 
9. 11. 13. 19. 20 or 21. 

5 23. The radiolabeled antibody of Claim 22 
wherein a halide selected from the group consist- 
ing of Na(l-125). K(l-125). Na(M31). K(I.131) and 
mixtures thereof is reacted with the monoclonal 
antibody in the presence of chloramine T. 

10 24. A pharmaceutical composition comprising 
the radiolabeled monoclonal antibody of Claim 22 
and a pharmaceutically-acceptable liquid earner 
therelbr. 
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